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Abstract .--Some factors related to the form of height-
over-age curves  in longleaf  pino  plantations were idcntffirci

. from analyses of 660 periodically remeasured plots. Seventy
percent of the variation among 32 plantations in form :iz
growth curve was  accounted for by stratifying planting sites
into old fields, mechanically prepared and unprepared cut- i-
over sites. Curve form was affected by site quality on pre-
pared and unprepared sites, and by stand density on ail sites.

INTRODUCTIOX

A major indicator of the productivity of
southern pine plantations is site index at age 25’

usually the mean height of dominnnt-
132ii3nt  trees . Unfortunately, the early
growth of southern pine plantations, including
longleai  p ine (Pinus  palustr is  Mi l l . . ) ,  i s  often
so variable  that use of  a  s ingle set  of site index
curves has  limited  value at best and can be

- s e r i o u s l y  m i s l e a d i n g .

Often the predicted site index for a
plnntatlon  changes over the  years,  whatever
curves  are  used. Errors multiply a: ;  the tine
from index  age increases (McGee and Clutter 1467).
Even small errors in site-index er;rimates  can
cause large miscalculations of expected  volume
growth. For example, a change from 60  to 55 ft

in SL21
reduces the projected cu-ft volume yirld

o f  a  s ash pine plantation at agr  20  by 25 ‘per-
sent (hcnuett  et al.  1959).

Past studies suggest that height-over-age
curves for southern pines established on old fields
may differ not only between  plantation and natural
stand but also from similar stands established on
cutover forest sites (Chapman 193b.  Allen 1955,
hailey  et al .  1973). Form of height-over-age
curves may also be affected by other stand and
site variables,  particularly stand density
(Bennett 1975, ElcClurkin 1976) and site quality
j!:cck and Trousdrll  1973, Craneg  and Burkiiart 1473).
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For this study, hcigilt-over-age  Caca f rom 660
remeasured plots, primarily the l.~glcaf  pine phase
of the Southwide  Pine Seed Source Study (SPSSS),
were  used to invcscigcte  how sicc  r\nd  stax:L  condi-
t i o n s  a f f e c t  early  imight  growth  oi iOilglCGX:f  pi.ne
plantations.

The SPSSS  provided  data froo 637 of f,i;U
remeasured plots in this study. Xc  other  23

-plots Were  from cue  separate studies in  west
Florida. T r e e s  o n  ali  plots  wcrc  sch~~~ulcd  icjr
measurement at age 3 and 5, and at 5-yczr  interval;;
thereafter -  althcugh  the  remeasurezc;;:  s:i~uLulc  ~1s
nclt  alvaysrstrict:y  me:. Sozzc  p?ots  (i3t)  were
last measured at age 26,  2L,  o r  22.  1i:c  rest urre
l a s t  measured  a t  a p e  ;5  cxccpt  ior t?  pict::  f a s t
measured at age 16 or 17. In a i i , there  were
2737 height-over-age obscrvaticss.

SPSSS  s e r i e s  1 aliii  2  (Pla:ltt:d  durin;;  &inter
f952-53) and series &.  5 , ar,d  6  i;:hr.rcd  &lr’r‘.F,
winter 1956-57) Vet-e  represented  lr.  rbiu  St&y,
with 34 plantings in coastal  sthtes  irr;z  Texas to
North Carolina. Plantings were replica:&  at t:;‘c?
l o c a t i o n s .  Also,  repifcatcs  werr: con!)inc.!, making
a total of 32 recognized piantiug  1ocsticlr.s. -y‘::<
parent study is described  b; Uclis s::d Uskclev
(1970).

At each exnmiuatiuu.  number o f  surviviug  tree:;
and height of’ench  survivor we:e recorded tcr ip.di-
vidual plot-s. Tile nc-a.7  hcig:t  oi tiw trlllc-st hc?lf
of surviving trees 03  each  plot was determined ar.c!
-represented the cioninnnt-Codor?-inapt  fr;:ctiar, of
the stand.
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Al l  p lantat ions were  c lass i f ied  into  three  .
groups  according to planting-site condition: Old
fields (2S3  plots and 1172 observations), mcchani-
tally  prepared cutover forest  sites  (110  p lots  and
446  observations) and unprcprlred  cutover forest
sites  (261 plots and 1077 observations). ,211
observations combined were given a srcpi:ise
rel:ression  analysis  of  the ~OCII:

Log  10 he  1 gh  t = b. + bl
- 1 1 2

(Age) + h, (Apei -l+b
3

(age)-’  +  b4  (+~e)-~  +  b5 (Age)-?  ,

‘rhc  analvsi  s detcrmincd  which of tlrc.  included
independent variables would give  the  best singlt-
variahle regression.

The single variable regression model  considered
the best was Fitted to the height-over-age observa-
tions for each individual plot, resulting in 660
equations. Further analyses explored the relation-
ship of slope coefficients for individual plots, as
a dependent variable, to recorded site and stand
variables. These were primarily stand density
(surviving trees per acre at age 10).  s i te  qual i ty
(height of tallest half of trees per plot at age
15), and the three planting-site conditions.

Coefficients for all 136 plots through age

20-22  were  compared with cocfficienrs derived from
the  ‘same  plots through age 15  only. Values of
slope coefficients from plots through age 20-22
differed from age-15 values by an average of only
0.7 percent. Plantation hcighc-growth  patterns in
this study appeared to be well established by age
15, so all slope coefficients vere-pooled  for
analyses without regard to plantation age at’last
mp;,s11  l-cl,I,'n  t .

XESULTS

03  ior  a i l
I.og,()  UT =.

The best s ingle variable regress I
2737 hci~,ht-aver-age  ohservacions  .*~as
1.8844 - 6.1764 (Age)-I.  The  cocfficzcnt  JI
determination (r2) (sas  O.S4SG.  T:?e  only  other
variable  contr ibuting sig?ificantIv  (.Oj  level)  t o
the  regress ion was (xge)-4,  *;!lichz whe:r  included
in tile  equation, resulted in an R of 0.5497.

The model Log10 HT = b, + 51  (Age)-1 was  f i t t ed
to each individual plot: 530  (79 percent) of the
resulting equations had 1-2 values of  0 .99 or  better .
S lope  coe f f ic ients  (bl),  vith negative sign
omitted, became the dependent variable in analyses
of the relationship of pfsnting-site  condi:ion,
stand density, and  site qua.?ity C O :he f o r m  o f .s
early  plantation height growth.

Planting-to-planting and plot-to-plot  variation
in slop*  coefficients was hii;b. C:assification  o f
the  32 SPSSS  plantation locations into the three

planting-site ccnditions  accounted for 70  percent

locaticns  are i l lustrated in fizcre  1  f o r  each
planting-site condition. Much of the remaining
variation can probably be attributed tu  factors
such as two different years of plantation establish-
mci)  t , varying sets of seed sources, and geographic
location with its associated climatic and soil-site
cudi  tions  .
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Figure I.---‘dean,  gtandard.  deviation, and range of
growth curve coefficients for plantings on old
fields, prepared and unprepared ‘forest sites,
and all plantAngs  combined.

Both stand density and site quality had a
small but highly significant effect ou  growth curve
coef f ic ients . Classificarion  into the three plant-
ing-site conditions alone accounted for 43 percent
o f  p lo t - to -p lo t  va r ia t ion . Addition of stand
density raised this value to 47 percent and site
quality to 48  percent. Stand density affected
growth curve form in each of the three planting
site conditions. Site quality affected curve form
only on prepared and unprepared sites, indicating
that site index curves for tbesc  conditions will
b e  polymbrphic.

i’lanting-site  condition had the greatest
impact on curve form, with the largest contrast
being betwctn old fields and unprepared forest
sites. The difference, for plantings with a stand
density of  700 trees p,er  acre,  is  i l iustrated in
f igure  2  for  four  s i te  index  (SI25)  clnsscs. For
SI 25  of 60 ft, lo-year-old plantations on old
fields are about 5 ft taller than sizailar  plantings
on unprepared forest sites. The comparatively
rapid early grovth on old fields can be attributed
to less low competition than on unprepared cutover
sites. Competition was primarily from shrubs and
herbaceous vegetation because residual trees had
been removed or killed in all plancations. T h e
extreme of growth curve differences among indi-
vidual plots is shown in figure 3. Uith  a  common
SI25  o f  50  f t , the difference in tree height at
age 10 is  20 ft .  The  upper  curve is  an o ld  f ie ld
plot, the lower curve an unprepared forest plot.
The repression r2 values for each of these two
plots were 0.999 and 0.994, respectively.

of the variation among plantings in average slope ,
< coe f f i c ient . The mean, standard deviation, and
: range of coefficient values for the 33 plantation
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FiKurt? l.--Comp2rison  uf  growth curves on unpre-D.-II’:*~ iorest  sites ui tb those on old fields for
selected  age 25 site index vaiu~.

&& I,iifr*rencos  in growrh  curves  between  prepared
and  ‘unprepared forest  s ites  are Rot  as great as
those bc-Lveen  old f ie lds and unpr<pared  sites
(fr;:.  4 ) .  F o r  S12.j o f  00, YOJ-y;.:lr-old  t&s  o n
;~~L-ll;Ir<*cl  S  1  t  t.5  IKtVe  JbOttL  3  3  I:  ilcip.I:t  rldVr?ilCage

UVC*T  siui  Inr  plaociojis  o n  unprq~ared  sites.

I;rouLir  CII~CS  f o r  prcparcci fnrcst  sirss  ‘n’cra!
i:  1 0:; t* Lt:  LlWSju  Lf o l d  iields  w  gwd  sites,  b u t
difierenccs  increase as site quality declines
(ii&.  5j. For  SL25  o f  SO,  thcrti  vas ::o apparent
di f ference in  t!le  curves,  but  for  S’i25  o f  40 ,  o ld
firid  plantings  a~  age 10 had about a 2 it
advantage over prepared site iJl~l:Iti~;~;s. A s  not2d
%-arlier, site quality affected curve firm on
prepared sites, but not old fields, hence the
opportunity  to converge. On good sites, intensive
m~hot;ical  site  preparation resulted in growth
equivalent to that expected on old fields. E v e n
on  poor s ites, differences were relatively small. m

l’hc  observed effect of sts:td  density  on curve
f~:rm  is  i l lustrated in f igure 6  ior an old-field
site , one with  250 and the other vith  12QO  trees
per  acre . Given the Sara  ?Ipr,5,  the curve for tile
high density  stand is higher than that* fo.s  :he l o w
dt51e.i  ty  st;rnd. ‘CtZ  d i f ference is  not  >;rea:,
amounI.ing  to  slightly  over  2  f t  at a g e  10  f o r  SZ25
o i  6cl  i t . In t!lis i l lustrat ion,  SI25  ws  set at an
trct~al  value ior  comparison of growth curves for each
of the  two stand densities. Ear ly  p lantat ion grosrth
iur  both densities on  an equivalent site should be
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Figure 4.--Cmparison  of growth curves on unpre-
pared forest sites with those ou mechanically
prepared sites for selected age 25 site index
values.

Figure 5. --Comparison of geouth curves on ncchani-
tally  prepared sites with those on old fields
for selected age 25 site index values.
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Figure 6. --Compzrison  of old field curves for
' plantings having 250 trees per acre, at age  10,

with  those having 1200 trees per acre.
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